Spatial resolution in positron emission tomography is currently limited by the resolution of the detectors. This work presents the initial characterization of a detector design using small bismuth germanate (BGO) crystals individually coupled to silicon photodiodes (SPOs) for crystal i dent i f i cat i on, and coupled in groups to phototubes (PMTs) for coincidence timing. A 3 mm x 3 mm x 3 mm BGO crystal coupled only to a SPD can achieve a 511 keV photopeak resolution of 8.7% FWHM at -1500C, using a pulse peaking time of 10 ais. When two 3 mm x 3 mm x 15 mm BGO crystals are coupled individually to SPDs and also coupled to a common 14 mm diam PMT, the SPDs detect the 511 keV photopeak with a resolution of 30% FWHM at -760C. In coincidence with an opposing 3 mm wide BGO crystal, the SPDs are able to identify the crystal of interaction with good signal-to-noise ratio, and the detector pair resolution is 2 mm FWHM. 2) where A is the area in mm2. D is limited by the physical thickness of the silicon wafer.
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Properties of -Silicon photodiodes
For an abrupt diode (i.e. having an abrupt change in donor/acceptor concentration between P-I-N layers), the depletion depth D (in kn) is given by24 D = 0.5 , P Ve (1) where p is the resistivity of the silicon in ohm-cm Ve = Vi + Vb is the effective diode potential, Vi is the built-in potential and Vb is the external bias. The capacitance C (in pF) is given by C= 106 A/D (2) where A is the area in mm2. D is limited by the physical thickness of the silicon wafer.
Introduction
In positron emission tomography of the brain, a spatial resolution of 2 mm FWHM is needed to measure the dynamics of blood flow in the cerebral arteries and the uptake and clearance of labeled tracers in small structures1. The primary di-fficulty in designing a positron tomograph with this spatial resolution lies not in the range of the positrons 2,3, nor the deviations from 1800 emission4, nor the detection properties of small BGO (3) where Vd is a voltage that corresponds to the asymp- The best photopeak resolution was observed at a temperature of -1500C and a peaking time of 10 us. IJnder these conditions, the photopeak amplitude and resolution were measured for several gamnma ray energies (Table 2) . A typical 22Na spectrum (Figure 3) shows the 511 keV and 1275 keV photopeaks with FWHM = 8.7% and 5.4%, respectively. 
keV photopeak amplitude of 3,200 e-using a S1722 SPO. At -1000C the amplitude is 8,000 e-, which is a 2.5-fold increase. At +200C the intrinsic luminosity of BGO is thus 33,000/2.5 = 13,200 photons or 20 photons per keV (20 x 2.6 eV per keV = 5% energy efficiency).
We have used a PMT to measure the light output of a good-quality NaI(Tl) crystal relative to a black NaI(Tl) crystal, as well as the BGO crystals discussed above. The white NaI(Tl) crystal is 30 mm diam x 30 mm deep and has a 662 keV photopeak resolution of 8.5% FWHM. Its output is 2.5X larger than a 12 mm x 12 mm x 3 mm deep NaI(Tl) crystal painted black, which has a calculated collection fraction of 18%. The collection fraction for the white NaI(Tl) crystal is thus 18% x 2.5 = 45%. Its output is also 8 times larger than a BGO crystal having a similar collection fraction. Since the bialkali photocathode used has about 30% more quantum efficiency for NaI(Tl) (420 nm) than for BGO (480 nm), the luminosity ratio between the two materials is about 6. Thus the intrinsic luminosity of NaI(Tl) at 200C is about 120 photons per keV and the intrinsic efficiency is about 120 x 3.0 eV per keV = 36%. The energy efficiency for light exiting the crystal is 36% x 45% = 16%, in reasonable agreement with the 13% measured by Van Sciver29130.
Crystal identification with silicon photodiodes
To demonstrate the use of SPDs to identify individual BGO crystals, we used the test set-up shown in Figure 4 . Figure 5 shows the pulse height spectra from SPD B taken with a gated pulse height analyzer. The gate pulse was derived from a coincidence between the two phototubes using thresholds of 400 keV. When the 22Na source is directly between the upper BGO crystal and crystal A (source position -1.5 mm), the pulse height spectrum seen on SPD B consists primarily of noise pulses (Figure 5a ). When the source is directly between the upper crystal and crystal B (source position + 1.5 mm), the pulse height spectrum consists primnarily of 511 keV photopeak pulses (Figure 5c ). The photopeak resolution is 30% FWHM, poorer than the resolution given in Table 2 , due to the higher temperature, light losses in the longer crystals, and the sharing of light with the PMT. (Figure 7) , it is possible to use the penetration effect to achieve essentially continuous sampling without detector motion. (3) Time-of-flight tomographs suffer from a loss in timing resolution because the scintillation photons travel more slowly than the incident annihilation photons. As a result, the timing resolution is significantly poorer for long crystals than for shorter crystals, resulting in a trade-off between timing resolution and detection efficiency31. By knowing the depth of interaction, the timing resolution can be improved for long, efficient crystals. Fortunately, several manufacturers have developed the technology for producing position-sensitive SPDs.
In these SPDs, leads are provided to each side of the P or N layer and the resistivity of that layer divides the signal according to the center of intensity of the incident light. Note that for BGO crystals of the shape shown in Figure 1, 
